Bacillus anthracis
Bacillus anthracis is large, non-motile encapsulated gram-positive spore-forming rod, 1-1.2 µm in width and 3-5 µm in length with square or concave ends. Genotypically and phenotypically it is very similar to Bacillus cereus, which is found in soil habitats around the world, and to Bacillus thuringiensis, the pathogen for larvae of Lepidoptera. The three species have the same cellular size and morphology and form oval spores located centrally in a non-swollen sporangium (11) .
B. anthracis is capable of producing aerobic endospores that are highly resistant to desiccation and capable of surviving for decades in soil. Soil is the natural reservoir for B. anthracis, but its mere presence in soil does not necessarily result in infection of grazing animals. Under favorable circumstances, spores enter a vegetative phase and multiply to levels high enough to infect grazing herbivores. Anthrax is mainly a disease of animals, but in rare cases, it can spread to people and cause life-threatening illness. B. anthracis may cause a systemic infection in animals causing their death which results in the return of a new aerobic endospores population. The stability and infectivity of B. anthracis along with its ability to produce a rapidly lethal pneumonia has drawn attention to its potential as a weapon capable of mass casualties (5).
Anthrax Toxin
The toxigenic properties of B. anthracis were discovered in 1954. Prior to that time, it was assumed that death was due to blockage of the capillaries by large amount of spores. But experimentally it was shown that only about 3 x 10 6 cells.ml -1 are necessary to cause death of the animal. These observations led to the conviction that a specific anthrax exotoxin plays a major role in the pathogenesis of disease. Death from anthrax in humans or animals frequently occurs suddenly and unexpectedly. The level of the lethal toxin in the circulation increases rapidly quite late in the disease, and it closely parallels the concentration of organisms in the blood.
Production of the anthrax toxin is mediated by plasmid pX01, of 110 MDa (16) . Anthrax toxin is not single compound, but it is complex substance composed of three antigenically distinct components: Factor I, edema factor (EF), factor II, protective antigen (PA) and factor III, lethal factor (LF). Each component of the toxin is a thermolabile protein with a molecular mass of approximately 80 kDa.
The EF and the LF are internalized into the eukaryotic target cells via the protective antigen (2) .
Edema factor (EF) is necessary for the edema producing activity of the toxin. EF from B. anthracis is a 89 kDa secreted adenylate cyclase exotoxin and is activated by the host-resident protein calmodulin. (1) . Calmodulin is a ubiquitous intracellular calcium sensor in eukaryotes and activates edema factor nearly 1000-fold upon binding (6) . EF is known to be an inherent adenylate cyclase, similar to the Bordetella pertussis adenylate cyclase toxin. The edema toxin rise by binding of PA to EF (PA+EF) and this complex induces edema (12) .
Protective antigen (PA), 83 kDa protein, induces protective antitoxic antibodies in guinea pigs (3) . PA binds to specific cell surface receptors and when cleaved to a 63-kDa fragment forms a channel in the cell's membrane, which allows EF and LF to enter the cytoplasm (18) . Seven molecules of the PA toxin subunit bind to one another to form a pre-pore on the cell's surface. The other toxin subunits, LF and EF, bind to the pre-pore, and this complex leak into cell by the help of endocytosis. In the acid environment of the endosome, subsequently, the pre-pore inserts into the membrane and allows LF and EF to enter the cytoplasm, where they destroy the cell (Fig. 1) . (14) . PA and LF act together to form lethal toxin (LT) which is primarily responsible for the death of infected animals.
Anthrax LT is a virulence factor responsible for the major pathologies seen during systemic anthrax infections. Injection of sterile LT into test animals mimics the shock and sudden death seen during active bacterial infections. Once large levels of LT are produced within the body, destruction of bacteria by administration of antibiotics is usually unsuccessful. The LT is believed to be secret into the bloodstream where it circulates freely throughout the body and binds and enters host cells. Once in the cytoplasm, the lethal factor acts as a zinc-metallo-protease disrupting normal homoeostatic functions. Low levels of LT induce macrophage production, in vitro, of the shock-inducing cytokines TNF and Il-1beta. Higher levels of LT cause overproduction of reactive oxygen intermediates, bursting of macrophages and release of mediators of shock (10) .
The LF acts as a zinc metallo-protease, which inactivates the mitogen-activated protein kinase (MAPK) pathway used by cells to control cell growth, maturation, and development.
LF appears to proteolytically cleave MAPK-activating enzymes (MAPK kinase 1, MAPKK1 and MAPKK2) leading to inhibition of the MAPK pathway. LF cleaves NH 2 -terminal amino acids from MAPKK1 and MAPKK2 preventing activation of the MAPK pathway (7). Although it is clear that LT kills animals and that LF plays a major role in the animal's death, it remains to be proven that MAPK pathway inhibition is the immediate cause of death (8) .
Lethal factor (LF) is essential for the lethal effects of the anthrax toxin. LF is a protein (relative molecular mass 90 kDa) that is critical in the pathogenesis of anthrax (15) . This protein is a highly specific protease that cleaves members of the mitogen-activated protein kinase kinase (MAPKK) family near to their amino termini, leading to the inhibition of one or more signalling pathways. LF comprises four domains: domain I binds the membrane-translocating component of anthrax toxin, the protective antigen (PA); domains II, III and IV together create a long deep groove that holds the 16-residue N-terminal tail of MAPKK-2 before cleavage. Domain II resembles the ADPribosylating toxin from Bacillus cereus, but the active site has been mutated and recruited to augment substrate recognition. Domain III is inserted into domain II, and seems to have arisen from a repeated duplication of a structural element of domain II. Domain IV is distantly related to the zinc metalloprotease family, and contains the catalytic centre; it also resembles domain I. The structure thus reveals a protein that has evolved through a process of gene duplication, mutation and fusion, into an enzyme with high and unusual specificity (15) .
Apart from their antigenicity, each of the three factors exhibits no significant biological activity in an animal. However, combinations of two or three of the toxin components yield the following results in experimental animals.
PA+LF combine to produce lethal toxin EF+PA combine to produce edema toxin EF+LF is inactive PA+LF+EF produces edema and necrosis and is lethal These experiments suggest that the anthrax toxin have the familiar A-B enzymatic-binding structure of bacterial exotoxins with PA acting as the B fragment and either EF or LF acting as the active A fragment (4). The illustration shows the assembly and entry of anthrax toxin into the cell. Single molecules of the protective antigen (PA) toxin subunit bind to one another to form a pre-pore (PA Pore) on the cell's surface. The other toxin subunits, lethal factor (LF) and edema factor (EF), bind to the PA Pore, and this complex is endocytosed. In the acidic environment of the endosome, the PA Pore inserts into the membrane and allows LF and EF to enter the cytoplasm, where they evoke destruction of the cell. Illustration by Hana Patočková.
Combination EF+PA has been shown to elevate cyclic AMP to extraordinary levels in susceptible cells. Changes in intracellular cAMP are known to affect changes in membrane permeability and may account for edema. In macrophages and neutrophils an additional effect is the depletion of ATP reserves which are needed for the engulfment process. Hence, one effect of the toxin may be to impair the activity of regional phagocytes during the infectious process (9) .
The virulence of B. anthracis is attributable to three bacterial components: 1. EF component of exotoxin 2. LF component of exotoxin 3. Capsule component
The EF and LF components have been already characterized. Concerning capsular material, it is known that B. anthracis forms a single antigenic type of capsule consisting of a poly-D-glutamate polypeptide. All virulent strains of B. anthracis form this capsule. Production of capsular material is associated with the formation of a characteristic mucoid or "smooth" colony type. "Smooth" (S) to "rough" (R) colonial variants occur, which is correlated with ability to produce the capsule. R variants are relatively avirulent. Capsule production depends on a 60 MDa plasmid pX02 (17) .
The capsule of B. anthracis, composed of poly-D-glutamic acid, serves as one of the principal virulence factors during anthrax infection. By virtue of its negative charge, the capsule is purported to inhibit host defence through inhibition of phagocytosis of the vegetative cells by macrophages. The toxin-encoding plasmid pX01 and capsule-associated plasmid pX02 are required for full virulence of B. anthracis in some animals.
The poly-D-glutamyl capsule is itself nontoxic, but functions to protect the organism against the bactericidal components of serum and phagocytes, and against phagocytic engulfment. The capsule plays its most important role during the establishment of the infection, and a less significant role in the terminal phases of the disease, which are mediated by the anthrax toxin (1) .
Both the capsule and the anthrax toxin can play a role in the early stages of infection, through their direct effects on phagocytes. Virulent anthrax bacilli multiply at the site of the lesion. Phagocytes migrate to the area but the encapsulated organisms can resist phagocytic engulfment, or if engulfed, can resist killing and digestion. A short-range effect of the toxin is its further impairment of phagocytic activity and its lethal effect on leukocytes, including phagocytes, at the site. After the organisms and their toxin enter the circulation, the systemic pathology, which may be lethal, will result. B. anthracis coordinates the expression of its virulence factors in response to a specific environmental signal. Anthrax toxin proteins and the antiphagocytic capsule are produced in response to growth in increased atmospheric CO 2 . This CO 2 signal is thought to be of physiological significance for a pathogen, which invades mammalian host tissues.
